Determining an accurate method of obtaining complete morbidity data is a long-standing challenge for epidemiologists. The authors compared the accuracy and completeness of existing California hospital discharge data with self-reports of recent hospitalizations and surgeries from participants in the California Teachers Study. Self-reports were collected by questionnaire in 1997 from 91,433 female teachers and administrators residing in California. Of the 13,430 hospital discharge diagnoses identified for these women, cohort members reported 58%. Self-reporting was highest for neoplasms and musculoskeletal and connective tissue diseases and was most accurate for scheduled admissions, more recent admissions, longer lengths of stay, and less severe disorders. Hospitalizations for mental health and infectious disease were not as well reported. Among the 26,383 self-reports-including outpatient surgeries, which are not captured by the hospital discharge databaseconfirmation was lower, as expected, especially for disorders of the nervous system and sense organs and skin and subcutaneous tissue. Confirmation was highest for childbirth admissions. The hospital discharge database was more specific, but the self-reports were more comprehensive, since many conditions are now treated in outpatient settings. The combination of self-reports and secondary medical records provides more accurate and complete morbidity data than does use of either source alone.
Collection of morbidity data, even from the recent past, poses challenges for epidemiologists. Such data may be collected by asking research participants directly about their illnesses and surgeries. However, this information may also be present in varying degrees of completeness in existing medical databases. A comparison of data of both types will assist researchers in choosing the best method in specific circumstances. Some studies have found that the validity of self-reporting varies with diagnosis (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) , but these studies have focused primarily on cancer (1-9, 11), circulatory system diseases (1, 5-8, 10, 12, 13) , or one specific disease (14, 15) . We evaluated the validity of self-reported hospitalization and surgery for the full range of diagnoses in a cohort of female California teachers by comparing their self-reports with statewide hospital discharge records. The accuracy of self-reporting depends on the population of interest (16, 17) , so we investigated whether admission and patient characteristics accounted for any differences in reporting even in this highly educated cohort. We also examined the usefulness and completeness of the hospital discharge database.
MATERIALS AND METHODS
The California Teachers Study is a prospective study of 133,479 female teachers and administrators recruited in 1995 from the California State Teachers Retirement System, as described elsewhere (18) . The cohort is primarily nonHispanic White (87 percent), although there are over 3,500 African Americans, over 4,500 Asians/Pacific Islanders, and over 5,400 Hispanics in the group. The majority of the cohort members (59 percent) were aged ≥50 years at enrollment, and 15 percent were aged ≥70 years. Participants returned self-administered questionnaires by mail. In a questionnaire distributed in 1997-1998, participants were asked, "During the last 2 years, were you hospitalized for an illness or did you have a surgical procedure?" Response options were "no," "yes for heart disease," "yes for cancer (specify type)," and "yes for other reason (specify)." The specified hospitalizations or surgery reports were coded manually by one of us (S. F. M.) using the International Classification of Diseases, Ninth Revision (ICD-9), Clinical Modification (19) and ICD-9 coding software (20) . Where possible, a code was assigned for the diagnosis rather than the hospital procedure or type of surgery. Values were checked for inadmissible codes and other data entry errors. Items with missing data, where neither "no" nor "yes" was checked and no conditions were specified, were classified under "no report." Social Security number, date of birth, and race/ethnicity (White, African American, Hispanic, Asian/Pacific Islander, or other/mixed/not specified) were self-reported by each participant on the baseline questionnaire mailed in 1995. Social Security numbers in the California Teachers Study are 99 percent complete and were validated using a checking algorithm that excludes numbers outside of the possible range. Dates of birth were recorded for all study participants and were validated by checking with the California Department of Motor Vehicles and the California State Teachers Retirement System. Age in years was calculated as time from the birth date to the date of questionnaire completion (when date of completion was unknown, the date of questionnaire return was used). Socioeconomic status was obtained by linking the residential street addresses of cohort members to US Census neighborhood ("block")-level data (21) . A summary index was generated from median family income, proportion of adults with a college degree or higher, and proportion of adults employed in managerial or professional occupations. Women who had not continuously lived in California for 2 years before administration of the 1997 questionnaire were excluded from the analyses. California residence was self-reported on both questionnaires and was supplemented by information obtained from the US Postal Service National Change of Address database and the California Department of Motor Vehicles.
Patient discharge data for 1995-1999 were obtained from the California Office of Statewide Health Planning and Development (OSHPD). The OSHPD file provides a record of all inpatient stays in acute-care hospitals licensed by the state of California (22) . For comparability with the selfreports, patient discharges were only included if the patient had been admitted during the 2 years prior to the date of questionnaire completion. If a participant had multiple discharges for the same principal diagnosis during this time period, only the first discharge was included.
OSHPD discharge records include data on principal diagnosis (ICD-9 code), principal procedure, principal external cause of injury (E-code), up to 24 other diagnoses, severity of patient illness (minor, moderate, major, or extreme loss of function), admission date, type of admission (unscheduled or scheduled), and length of stay in days. The California Health and Safety Code requires that all hospitals provide discharge data, with the exception of 11 state mental health and developmental hospitals (22) . Data from the hospitals are checked by the OSHPD and are required to meet data error tolerance levels of 0.1 percent for sex and date of birth (23) . Of 3,775,711 discharges occurring in 1999, 777,718 (20.6 percent) were missing a Social Security number (73 percent of these were for patients aged 10 years or younger) and 120 (0.003 percent) were missing a date of birth. California Teachers Study records were linked with the OSHPD database using AutoMatch probabilistic record linkage software (MatchWare Technologies, Inc., Kennebunk, Maine). Participants were linked by Social Security number, date of birth, and sex; diagnostic information was not considered. Discrepancies between possible matches were resolved visually.
Statistical analysis
In the first set of analyses, the principal diagnoses from the OSHPD were used as the "gold standard" against which selfreports were compared. "Exact" matches were defined as those in which the first three digits of the ICD-9 codes from the two sources were the same for the same patient. "Nonspecific" matches were defined as those in which the self-report was too general for precise coding but was judged a match in visual review, such as when the respondent specified a surgical procedure rather than a diagnosis and this matched the OSHPD principal procedure or when the respondent reported a matching hospitalization rather than a diagnosis. For example, a self-report of "heart disease" (ICD-9 code 429.9) was considered a nonspecific match with several types of heart disease (ICD-9 codes 390-398, 402, and 404-428). The rate of confirmation of the OSHPD data, defined as the number of self-reports matching the OSHPD file divided by the total number of OSHPD discharges among eligible California Teachers Study members, was calculated for each ICD-9 diagnosis group and for each level of agreement (exact and nonspecific matches).
Characteristics associated with the hospitalization (scheduled or unscheduled admission (<24 hours or ≥24 hours), time since admission in quartiles, length of stay (≤1 day, 2-3 days, or >4 days), and illness severity (minor, moderate, major, or extreme loss of function)) and patient characteristics (age (<50 years, 50-69 years, or ≥70 years), race/ ethnicity (White or non-White), and socioeconomic status (low, medium, or high)) were considered as potential predictors of a "nonspecific" match (yes/no). Hospitalization covariates were already in categories set by the OSHPD, and the data on patient characteristics were grouped into tertiles for analysis. Logistic regression methods were used to calculate unadjusted odds ratios for each patient and admission characteristic and 95 percent confidence intervals (24) . Adjusted odd ratios were calculated by entering the variables into a multivariate logistic regression model.
In the second set of statistical analyses, the self-reports were treated as the gold standard and OSHPD patient discharges were compared with them, using the "nonspecific" matching criteria as before. The rate of confirmation of the self-reports by the OSHPD data (the number of OSHPD discharge records matching the self-reports divided by the total number of self-reports) was calculated for each diagnosis group.
RESULTS
Of the 99,519 women who returned a 1997-1998 questionnaire, 8,080 were excluded because they had not lived continuously in California during the 2 years prior to completion of the questionnaire. Also excluded were six women who completed their second questionnaire after 1999, since their full hospital records may not have been included in the OSHPD data. Therefore, 91,433 members of the original cohort remained in the analysis; 23.6 percent reported having had one or more hospitalizations or surgeries in the prior 2 years (table 1), and 11.7 percent had an OSHPD discharge record in the same period. Some women had multiple hospitalizations or surgeries in this time frame. This provided us with a total of 26,383 self-reported diagnoses and 13,430 OSHPD diagnoses for analysis. Eight hundred and ten women reported neither "yes" nor "no"; these missing values were treated as "no report" in the analysis.
OSHPD records
Of the 10,679 participants with hospitalizations recorded in the OSHPD database, 79.7 percent reported a hospitalization on their questionnaire. Of the 13,430 unique diagnoses in OSHPD, 7,798 (58.1 percent) matched with a self-report when nonspecific matches in diagnoses were accepted. Of Other categories with high proportions of exact matches were disorders of the nervous system and sense organs (36.2 percent), disorders of the respiratory system (34.1 percent), and disorders of the skin and subcutaneous tissue (34.2 percent). Diagnoses found in the hospital records with the lowest self-reporting by the teachers, including the nonspecific matches, were symptoms and ill-defined conditions (17.5 percent), supplementary factors influencing contact with health services (20.0 percent), mental disorders (27.5 percent), infectious and parasitic diseases (34.5 percent), and pregnancy and childbirth (38.9 percent). With the exception of the infectious disease group, these groups also had the lowest percentages of exact matches. Within these groups, there were certain diagnoses with particularly low levels of self-reporting, as shown in table 3. For example, convalescence, a general medical or follow-up examination, and a diagnosis of adjustment reaction, alcoholic psychosis, schizophrenia, or drug dependence were never self-reported.
Characteristics of OSHPD discharges that were selfreported
The odds of accurately matching the diagnosis group of the self-reported condition and the diagnosis group recorded in the OSHPD database were calculated according to patient and admission characteristics. A scheduled admission, a length of stay longer than 1 day, and a shorter time between admission and report were more likely to be accurately reported (table 4) . Patient illnesses causing minor loss of function were more likely to be reported than those with moderate, major, or extreme loss. Participants with selfreports were significantly older than those without selfreports, although the relation was not linear. After pregnancy and childbirth admissions were excluded, the relation reversed and became linear, so that reporting became negatively and significantly associated with age: For women aged 50-69 years relative to those aged <50 years, the odds ratio was 0.78 (95 percent confidence interval (CI): 0.69, 0.89); for women aged ≥70 years, the odds ratio was 0.53 (95 percent CI: 0.47, 0.60) (p < 0.0001 for trend; data not shown). Accurate self-reporting was higher among Whites than among non-Whites. Logistic regression analysis 
Self-reported diagnoses
Overall, 58 percent of the 26,383 self-reports corresponded with an OSHPD diagnosis. The number confirmed by the OSHPD varied (table 5) , with the highest level of confirmation being seen for pregnancy and childbirth (75.5 percent), followed by mental disorders (45.3 percent), circulatory system disorders (43.1 percent), and treatment for external causes of injury (e.g., car accidents) (42.7 percent). Confirmation by the OSHPD was particularly low for disorders of the nervous system and sense organs, such as cataracts (3.4 percent); disorders of the skin and subcutaneous tissue (14.0 percent); disorders of the genitourinary system (15.5 percent), particularly breast lumps and cervical dysplasia; infectious and parasitic diseases (15.7 percent); and supplementary factors influencing contact with health services (17.5 percent). Specific diagnoses within these groups with very low confirmation are shown in table 6. There are no OSHPD records for certain diagnoses-for example, benign mammary dysplasia, glaucoma, corneal opacity, sebaceous gland disease, and prosthesis fitting or adjustment.
DISCUSSION
Overall, 80 percent of the participants with hospitalizations in the OSHPD database accurately reported having undergone hospitalization during the 2-year period of inquiry, and 58 percent of the self-reported conditions matched the OSHPD diagnoses. These results are not easily compared with those from other studies, since to our knowledge this is the first study to present data on variability in reporting of hospitalization or surgery for the full range of ICD-9 diagnosis groups. Having a large study population available and having access to an established hospital discharge database allowed us to complete such analyses.
Two previous studies examined the reporting of a range of chronic diseases and found that 32 percent of insurance reports (6) and 53 percent of physician records (7) were matched by in-person interviews for all diagnoses. Norrish et al. (25) found that 52 percent of hospital admissions over a 4-year period were recalled by telephone; however, they focused on the self-reporting of hospital admissions rather than the actual disease diagnoses. Research examining the self-reporting of diseases usually employs a checklist of specific conditions (1, 3, 5, 9, 10, 12, 13), whereas our query was an open-ended question with prompts for cancer and heart disease. The prompted conditions were well reported. Self-reporting of malignant neoplasms (83.6 percent) was higher than the 61-79 percent range reported in other cancer validation studies (2, 9). Our observed proportion of selfreported circulatory system disorders (66.5 percent) was slightly lower than the 73-80 percent agreement reported by Haapanen et al. (10) . Unprompted conditions were not always as well reported, though the sensitivity of reporting of congenital disorders (77.8 percent) and musculoskeletal disorders (83.7 percent) was fairly high. Even so, a broad, open question such as ours is unlikely to elicit complete recall of all of the conditions of interest. The teachers were less likely to identify hospitalizations for mental health problems, infectious diseases, or pregnancy. Zhu et al. (11) suggested that poor reporting is associated with less explicit diagnostic criteria, which may be the case with psychoses, depressive disorders, and chest and abdominal symptoms. The respondents may be confusing these diagnoses with others. For example, several OSHPD records of affective psychoses were self-reported as depression, stress, or an adverse reaction to a medicine, and respiratory and chest symptoms were frequently reported as heart disease or as an adverse reaction to medicine. Mental health problems, such as alcohol or drug dependence and psychoses, may be intentionally underreported because of a perception of societal unacceptability. Additionally, selfreporting of conditions like rehabilitation, convalescence, and pregnancy and childbirth may be lower because respondents do not associate these conditions with illness as such and may need specific prompting to report them.
The main disadvantage of collecting self-reported data on hospitalizations through an open-ended question is the variability in the specificity of the replies. Only 20 percent of the self-responses were specific to the degree that their threedigit ICD-9 code matched exactly with the hospital diagnosis. However, open-ended self-reports can provide researchers with a general indication of the diagnosis. For instance, the self-report alone accurately predicted the main diagnosis group of the OSHPD record in 58 percent of cases. Therefore, self-reports may be useful in identifying populations for which medical records could be obtained for more specific diagnoses.
The accuracy of self-reporting depends on the population of interest. The California Teachers Study cohort comprises women with a college education; female respondents and those with higher levels of education have been found to have greater reporting accuracy (1, 11, 16) . The cohort is predominantly White, but it is unclear from previous studies whether reporting is associated with race/ethnicity (1, 2, 17) . We found that Whites had more accurate reporting, but this result was not independent of age. Reporting did not vary by socioeconomic status, which is in agreement with the findings of Reijneveld and Stronks (26) . Self-reporting of OSHPD diagnoses was associated with admission characteristics. For instance, a scheduled admission, a short recall period, and a longer length of stay were associated with increased recall. Given this, it was surprising that illnesses causing more severe loss of function were not better reported, since we would expect such diagnoses to result in longer hospital stays for the patient. The severity indicator may refer to cost of provision rather than disease severity; the most frequent "major" or "severe" diagnosis in our sample was osteoarthritis, and the most common "severe" procedure was rehabilitation. Length of stay and the degree of loss of function remained independent in logistic regression analysis.
Completeness of the hospital database
There were only half as many diagnoses in OSHPD records as were self-reported. Consequently, the overall percentage of self-reports confirmed by OSHPD was low. The majority of these unconfirmed self-reports are likely to have been outpatient procedures not found in the OSHPD database; our question asked about hospitalizations or surgeries. A number of surgical procedures are now routinely performed in doctors' offices and other ambulatory or outpatient surgical centers; in 1996, US women had almost as many surgical procedures in these settings (11.6 million) as in hospital inpatient settings (11.9 million) (27) . The types of conditions that were unconfirmed support this theory, being more frequently those requiring elective surgery or those treated in ambulatory settings, such as disorders of the eyes, skin, or genitourinary system (27) . Our questionnaire was specifically designed to capture these outpatient events as well, but unfortunately combining them with inpatient illnesses in one question hampered our ability to compare them with OSHPD data.
Such a general open-ended question may also encourage overreporting of conditions that do not result in either surgery or hospitalization. Another form of overreporting is the inaccurate reporting of chronic conditions or other diseases for which participants have not actually undergone surgery or hospitalization in the past 2 years. This exact time frame may be problematic for respondents and may result in both under-and overreporting. We estimated the prevalence of overreporting due to inaccurate recall of the time of an event by rerunning the analyses using a wider time frame for the OSHPD discharge records. Allowing matches with hospital admissions from 1995-1999 rather than just the 2 years prior to questionnaire completion increased the overall confirmation by OSHPD data from 29 percent to 35 percent (by 1,505 matches).
Another type of reporting error probably includes participants' recalling a diagnosis or condition from their visit that was not actually the "principal" reason for the visit. Analysis accepting "nonspecific" matches with any top five "other" OSHPD diagnoses, rather than just the one identified as "principal," increased overall matching from 29 percent to 32 percent. In addition, the extra reports may be valid reports of hospitalizations that took place out of state or in one of the 11 California hospitals that are not included in the OSHPD database. The proportion of out-of-state hospitalizations is unknown, but it is unlikely to be high in California, where only a small proportion of the population resides near state borders.
Further disparities may be due to errors in the OSHPD data. Green and Wintfeld (28) found a 9 percent difference in principal diagnosis between original hospital records and the OSHPD database, and there may be ICD-9 coding differences between OSHPD data and the questionnaire data due to differences in coders and coding procedures. There may be error in the linkage of participants with the OSHPD file, since linkage was based on date of birth and Social Security number but not on name. There may be errors in Social Security numbers and dates of birth in either source, although the use of probabilistic record linkage methods, which can produce high matching success even if individual variables do not match exactly, reduces the likelihood that such errors would result in a failed linkage.
One scenario that might produce inaccurate linkage is one in which a cohort member provides her husband's Social Security number instead of her own, although crosschecking with date of birth and sex should have prevented this. There may have been errors in the ICD-9 coding of the teachers' written responses, although indecipherable comments were coded as unknown and therefore would have been included under nonspecific matches. Furthermore, cases in which the teacher's report was in the same diagnosis group as the OSHPD diagnosis were visually reviewed for a match. Coding of self-reports into the wrong diagnosis group would have resulted in a failed match.
With the exception of a few ICD-9 categories such as mental illness or infectious disease, the cohort participants accurately self-reported most of the diagnoses found in the hospital discharge database. The self-reports were also more comprehensive than the hospital records, since they included outpatient surgeries. The self-reports may be subject to overreporting of both events that took place outside of the specified time period and illnesses that did not in fact require surgery or hospitalization. The hospital database avoids the problems of respondent overreporting and was more useful for obtaining exact diagnoses, although prompts can increase the specificity of reports for certain conditions. In addition, hospital and other medical records are available even when the questionnaire is not completed, though such a developed hospital discharge record system may not exist in all places. We conclude that the combination of self-reports and secondary medical records provides more accurate and complete morbidity data than does either source alone.
